
MAPPING EXPERIMENT WITH SPACE STATION 

Sherman S. C. Wu, Uni ted States Geological Survey, F l a g s t a f f ,  AZ 86001 USA 

Mapping t h e  Ear th from space s t a t i o n s  can be approached i n  two areas. 
One i s  t o  c o l l e c t  g r a v i t y  da ta  f o r  d e f i n i n g  a new topographic datum us ing  
Ear th ' s  g r a v i t y  f i e l d  i n  terms o f  spher ica l  harmonics. The geoid produced 
by t h i s  experiment may be much c l o s e r  t o  the  r e a l i t y  o f  Ea r th ' s  
equ ipo ten t i a l  sur face  than  t h a t  which i s  c u r r e n t l y  used. Due t o  t h e  f a c t  
t h a t  the Ear th  i s  bo th  l o n g i t u d i a l l y  and l a t i t u d i a l l y  asymmetric as 
i n d i c a t e d  i n  t h e  r e s u l t s  o f  g r a v i t y  s tud ies  by  V o t i l a  (1962), t h i s  proposed 
experiment may be use fu l  f o r  a new genera t ion  o f  Ea r th  mapping. The other ,  
which should be considered as very s i g n i f i c a n t  c o n t r i b u t i o n  from t h e  space 
s t a t i o n ,  i s  t o  search and exp lo re  techniques o f  mapping Ear th 's  topography 
us ing  e i t h e r  o p t i c a l  o r  radar  images w i t h  o r  w i thout  re fe rence t o  ground 
con t ro l  poi n ts .  Without ground c o n t r o l  po in ts ,  an i n teg ra ted  camera system 
can be designed. The system, i n  a d d i t i o n  t o  t h e  imaging camera, w i l l  
c o n s i s t  o f  a s t e l l a r  camera, rada r  a l t i m e t e r  and an i n e r t i a l  p l a t f o r m  such 
as the  one which was i n s t a l l e d  on t h e  AN/USQ-28 Mapping and Survey Subsystem 
( L i v i n g s t o n  e t  a l . ,  1980). With ground c o n t r o l  po in ts ,  t h e  p o s i t i o n  o f  the  
space s t a t i o n  (camera s t a t i o n )  can be p r e c i s e l y  determined a t  any i n s t a n t .  
Therefore,  t e r r e s t r i a l  topography can be p r e c i s e l y  mapped e i t h e r  by 
convent ional  photogrammetric m e t  hods o r  by cu r ren t  d i g i t a l  techno1 ogy o f  
i mage co r  re1 a t i o  n . 

A t  an a l t i t u d e  o f  300 km, the  space s t a t i o n  can view an area on t h e  
sur face o f  Earth,  t h a t  i s  i n t e r s e c t e d  by a cone w i t h  a s o l i d  angle o f  34.5' 
w i t h  respect t o  the  E a r t h ' s  center .  Theore t i ca l l y ,  i f  a t o t a l  o f  44 
permanent ground-contro l  p o i n t s  can be i d e a l l y  d i s t r i b u t e d  on t h e  Ear th ' s  
sur face  such t h a t :  1 2  p o i n t s  along t h e  equator w i t h  long i tude increment of 
30"; 18 po in ts  along l a t i t u d e  + and - 30' w i t h  l ong i tude  increment o f  40'; 
1 2  p o i n t s  along l a t i t u d e  + and - 60' w i t h  l ong i tude  increment o f  60'; and 1 
p o i n t  a t  each o f  t h e  two poles,  then a t  l e a s t  3 ground c o n t r o l  p o i n t s  can be 
viewed by the  space s t a t i o n  a t  any i n s t a n t  and i t s  p o s i t i o n  (camera s t a t i o n )  
can be determined by r e s e c t i o n  w i t h  e l e c t r o n i c  ranging measurements. But, 
p r a c t i c a l  ly ,  permanent ground-control  p o i n t s  i n  oceans are  d i f f i c u l t  t o  be 
es tab l i shed,  d i s t r i b u t i o n  o f  permanent c o n t r o l  po in ts  have t o  be ad jus ted  on 
con t inen ts  and is lands .  Geodetic p o s i t i o n  o f  ground c o n t r o l  p o i n t s  can be 
predetermined by t h e  Global P o s i t i o n i n g  System (GPS). 
the radar  experiment o f  t he  planned S I R - C  mission, corner  r e f l e c t o r s  o f  
r i gh t -ang le  te t rahedron  can be i n s t a l l e d  a t  a l l  ground c o n t r o l  po in ts .  

I n  order  t o  con t inue  

Wi th a radar  a l t i m e t e r  on board, p r o f i l e s  t raced along t r a c k s  of t he  
space s t a t i o n  can be u t i l i z e d  f o r  c o n s t r a i n t s  i n  add i t i on  t o  t h e  determined 
p o s i t i o n  o f  the  space s t a t i o n  f o r  photogrammetric processing. 

e s t a b l i s h  four  such ground c o n t r o l  p o i n t s  e i t h e r  i n  North America o r  A f r i c a  
( i n c l u d i n g  t h e  Sahara deser t ) .  I f  t h i s  experiment should be success fu l l y  
accompli shed, i t  may a l s o  be app l ied  t o  our defense cha r t i ng  systems. 

For t h e  mapping experiment w i t h  t h e  space s t a t i o n ,  I propose t o  
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